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(57) ABSTRACT
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which it is arranged to select the subsystem configuration
mode of the at least one vehicle subsystem in a manner
suitable for a respective type of driving surface. The control
system uses the output of an imaging device (115) capturing
the driving surface on which the vehicle is driving or will
likely be driving.
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1
VEHICLE CONTROL SYSTEM AND
METHOD

RELATED APPLICATIONS

This application is a 35 U.S.C. §371 national stage appli-
cation of PCT Application No. PCT/EP2012/063730, filed on
Jul. 12,2012, which claims priority from Great Britain Patent
Application No. 1111993.0, filed Jul. 13, 2011, the contents
of which are incorporated herein by reference in their entire-
ties. The above-referenced PCT International Application
was published in the English language as International Pub-
lication No. WO 2013/007800 A1 on Jan. 17, 2013.

FIELD OF THE INVENTION

The present invention relates to a control system for one or
more vehicle subsystems and to a method of controlling one
or more vehicle subsystems. In particular but not exclusively
the invention relates to a control system for automatic control
of one or more vehicle subsystems. Aspects of the invention
relate to a system, to a method and to a vehicle.

BACKGROUND

It is known to provide a control system for a motor vehicle
for controlling one or more vehicle subsystems. U.S. Pat. No.
7,349,776, the content of which is hereby incorporated by
reference, discloses a vehicle control system comprising a
plurality of subsystem controllers including an engine man-
agement system, a transmission controller, a steering control-
ler, a brakes controller and a suspension controller. The sub-
system controllers are each operable in a plurality of
subsystem function modes. The subsystem controllers are
connected to a vehicle mode controller which controls the
subsystem controllers to assume a required function mode so
as to provide a number of driving modes for the vehicle. Each
of'the driving modes corresponds to a particular driving con-
dition or set of driving conditions, and in each mode each of
the sub-systems is set to the function mode most appropriate
to those conditions.

It is an aim of embodiments of the present invention to
provide an improved driving experience for a driver of a
vehicle.

STATEMENT OF THE INVENTION

According to one aspect of the invention for which protec-
tion is sought there is provided a vehicle control system
operable to control at least one vehicle subsystem to operate
in a selected one of a plurality of subsystem configuration
modes, the control system being operable in a plurality of
driving modes in each of which it is arranged to select the
subsystem configuration mode of the at least one vehicle
subsystem in a manner suitable for a respective type of driv-
ing surface, the control system being operable to receive an
output of an imaging device arranged to output an image of
the driving surface over which the vehicle may drive and to
determine the type of the driving surface responsive to a
content of one or more images output by the device, the
system being arranged to provide an output corresponding to
the appropriate driving mode.

In a further aspect of the invention for which protection is
sought there is provided a control system comprising com-
puting means operable to control at least one vehicle sub-
system to operate in a selected one of a plurality of subsystem
configuration modes,
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the control system being operable to assume one of a plu-
rality of respective driving modes in each of which it is
arranged automatically to select a prescribed subsystem
configuration mode of the at least one vehicle sub-
system,

the computing means being operable to receive an output

of an imaging device, the imaging device being arranged
to output an image of a driving surface over which the
vehicle may drive, the computing means being operable
to determine the driving mode of the control system that
is appropriate to the driving surface in dependence on a
content of one or more images output by the imaging
device.

Embodiments of the invention provide means for a vehicle
to be controlled according to a determination of terrain into
which the vehicle is driving in advance of the vehicle expe-
riencing the terrain. Thus the vehicle control system may be
alerted to the type of terrain into which the vehicle is driving
and provide an output indicative of the appropriate driving
mode.

This has the advantage that a workload on a driver may be
reduced since the driver is not required to determine the
appropriate driving mode himself.

In an embodiment the system is operable automatically to
assume the appropriate driving mode for the type of driving
surface determined by the computing means responsive to the
content of the one or more images.

The system may be operable to provide an indication to a
driver of the appropriate driving mode for the type of driving
surface determined by the computing means responsive to the
content of the one or more images.

The indication of the appropriate driving mode may be
provided by one selected from amongst a visual indication
and an audible indication.

The system may be arranged to determine the type of the
driving surface responsive to at least one selected from
amongst a texture and a composition of the driving surface as
determined according to the output of the imaging device.

It is to be understood that by image texture is meant infor-
mation in respect of the spatial arrangement of color or inten-
sities in an image or selected region of an image.

The system may be arranged to determine the type of the
driving surface responsive to a colour of the driving surface as
determined according to the output of the imaging device.

This feature has the advantage that if the vehicle is driving
onor is about to drive on a driving surface that may be readily
recognised responsive to colour of the surface, the vehicle
may readily recognise the driving surface.

The system may be further arranged to determine the type
of the driving surface responsive to colour features norma-
lised with respect to illumination.

The system may be arranged to determine the type of the
driving surface responsive to a composition of the driving
surface determined by reference to a texture and a colour of
the driving surface, the texture and colour being determined
according to the output of the imaging device. By reference to
a colour of an image is included reference to colour features
of'an image normalised with respect to illumination.

Optionally the system is arranged to determine the type of
the driving surface responsive to the output of the imaging
device in combination with an output of location determining
means, the location determining means being operable to
provide an output responsive to a geographical location of the
vehicle.

The system may be provided in combination with location
determining means, wherein the location determining means
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is operable to provide an output indicative of a type of driving
surface on which the vehicle is operating.

The location determining means may be arranged to deter-
mine a location of the vehicle by means of a satellite-based
global positioning system (GPS), one or more cellular com-
munications network signals, a gyroscopic location deter-
mining or tracking system or any other suitable means. The
type of surface on which the vehicle is driving may then be
determined by reference to a database of the vehicle which
may be provided by the vehicle control system, the location
determining means or any other suitable means. In some
arrangements the database may be accessed remotely by the
vehicle, for example by means of a telecommunications link.

This feature has the advantage that the type of driving
surface determined by the control means responsive to the
output of the imaging device may be checked against a type of
driving surface determined by reference to the location deter-
mining means thereby to reduce a likelihood that an incorrect
determination of driving surface is made.

Optionally the system is arranged to compare the type of
driving surface determined by the control means responsive
to the output of the imaging device against a type of driving
surface determined by reference to the location determining
means, in the event of a discrepancy the control means being
arranged to determine which of the driving surface types is
the correct type.

Further optionally the system is arranged to determine the
correct type of driving surface by reference to one or more
selected from amongst a probability value in respect of each
determination of driving surface type and a look-up table in
respect of the particular combination of driving surface types
determined.

Thus, the location determining means may be arranged to
determine which of the driving surfaces is the correct type
responsive to a conflict resolution dataset such as a table
providing an indication as to which driving surface is most
likely correct for a given combination of indications of driv-
ing surface determined by reference to the image content and
location determining means respectively.

In an embodiment the system is operable automatically to
switch on an illumination source of the vehicle in the event a
level of ambient illumination is insufficient for the imaging
device to capture a suitable image.

Optionally the system is operable automatically to switch
on one or more headlamps of the vehicle.

In an embodiment the system is operable to trigger means
for cleaning a window through which the imaging device
views the driving surface.

The system may be operable automatically to switch on a
wiper of the vehicle thereby to clean the window.

Optionally the imaging device is arranged to detect at least
one selected from amongst visible light, infra-red light and
ultraviolet light.

In an embodiment the system is operable to determine
whether the vehicle is towing an object and to determine the
appropriate driving mode responsive to the determination
whether the vehicle is towing and the type of driving surface.

This feature has the advantage that if the appropriate driv-
ing mode on a given type of driving surface when the vehicle
is nottowing is different from that when the vehicle is towing,
the appropriate driving mode may still be determined.

In an embodiment the system is operable to determine
whether the vehicle is towing by reference to the content of
one or more images output by the imaging device.
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Alternatively or in addition the system may be operable to
determine whether the vehicle is towing by reference to
whether the object under tow is electrically connected to the
vehicle.

Other means for determining whether the vehicle is towing
an object are also useful.

Advantageously the driving modes include an off-road
mode in which the subsystem configurations are controlled in
a manner suitable for driving on rough terrain and an on-road
mode in which the subsystem configurations are controlled in
a manner suitable for driving on-road.

The driving modes may include a plurality of off-road
modes. The driving modes may include a plurality of off-road
modes and at least on on-road mode.

By off-road mode is meant a mode designed to allow the
vehicle to enjoy improved performance when driving on
unsurfaced roads or tracks, comprising materials such as
sand, gravel, mud, snow, rocks and/or other natural terrain,
compared with operation in an on-road mode designed for
operation on surfaced roads. In an embodiment the driving
modes include at least one low friction mode in which the
subsystem configurations are controlled in a manner suitable
for driving on low friction surfaces and a high friction mode
in which the subsystem configurations are controlled in a
manner suitable for driving on high friction surfaces.

The low friction mode may be arranged to be suitable for
driving on grass, gravel and snow.

Optionally the driving modes are selectable by a driver of
the vehicle.

Advantageously the driving modes may be selected by
means of a terrain selection input arranged to influence the
configuration mode selected on the basis of the terrain
selected.

Further advantageously the driving modes may be selected
by means of a mode of use input arranged to influence the
configuration mode selected on the basis of a selected mode
of use of the vehicle.

The mode of use input may be arranged to allow selection
between a plurality of driving styles.

In an embodiment the driving styles advantageously
include a sport style.

Advantageously the system is operable to determine a
likely path of a vehicle over the driving surface responsive to
one or more input signals and to determine the type of the
driving surface over which the vehicle will likely drive
responsive to the content of one or more images output by the
device.

Thus if the one or more of the images show different types
of driving surface the system is able to determine which type
of driving surface the vehicle is likely to drive over and to
select a driving mode responsive to the type of surface the
vehicle is likely to drive over.

The likely path of the vehicle may be determined respon-
sive to one or more of a driver steering control input, accel-
erator or brake control input, wheel speed signals or any other
suitable input. In some arrangements the system may be
arranged to track an eye movement of a driver and to deter-
mine a likely path of the vehicle responsive to a direction in
which a driver is looking as he drives.

It is to be understood that in some arrangements if a path
and/or orientation of the vehicle is consistent with an inten-
tion to remain on a given driving surface type, such as a
surfaced road, the system may remain in a mode appropriate
to that driving surface. However if the path and/or orientation
is consistent with an intention to depart from the current
driving surface onto a new driving surface, the system may
assume a mode appropriate to the new driving surface. The
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system may assume the new mode once the vehicle has
started to drive on the new surface,

In an embodiment the system is operable to determine a
likely path of respective left and right wheels of the vehicle
and to determine the type of the driving surface over which
the respective wheels will drive responsive to the content of
one or more images output by the device.

In an embodiment the system is operable to determine a
likely path of each respective wheel of the vehicle and to
determine the type of the driving surface over which the
respective wheels will drive responsive to the content of one
or more images output by the device.

The system may be provided in the form of a vehicle
control unit.

Thus the control system may be provided in the form of a
substantially unitary module or like object. Alternatively the
functionality of the control system may be distributed
between or across a plurality of units, modules or the like.

The control system may be arranged to perform an image
processing function in which features of an image are norma-
lised with respect to illumination. Optionally, colour features
of an image are normalised with respect to illumination.

This allows the system to accommodate variations in light-
ing levels in an image, and reduces the risk that the system
fails to correctly identify the type of driving surface depicted
in one or more captured images due for example to the pres-
ence of shadows in an image.

Embodiments of the present invention are able to process
one or more images in such a manner as to enable the type of
surface to be identified even in the presence of shadows or
other variations in illumination intensity in the images.

It is to be understood that by image feature is meant data in
respect of pixels comprising a portion of an image. By image
colour feature is meant data in respect of a portion of an image
that is related to colour content of that portion of the image. A
process of feature extraction may comprise for example the
step of applying one or more local neighbourhood operations
to respective portions of an image, or to each pixel of an
image. For example, in some embodiments a feature such as
a colour feature may be defined in terms of an average of one
or more parameters such as intensity of a given colour chan-
nel over a prescribed number of pixels or defined area of an
image, for example an area 50 pixels by 50 pixels or the like.

The present inventors have found that by processing a
captured image such that colour features are normalised with
respect to illumination intensity, excellent separation of
images into respective image classifications may be made.

For example, red (R), green (G) and blue (B) colour chan-
nel intensity may be normalised with respect to illumination
intensity by dividing the intensity of each colour channel (R,
G, B) by the sum of the intensities of each of the channels, i.e.
R+G+B.

It is to be understood that embodiments of the present
invention are not reliant on the detection of prescribed road
surface markings such as central divider lines, edge markings
or the like, in order to determine surface type although some
embodiments may take this into account when identifying
that the driving surface may be tarmac rather than grass or
gravel. Rather, some embodiments of the invention are
arranged to determine a composition of a driving surface, for
example whether the driving surface is grass, gravel, rock or
snow, and to select an appropriate driving mode accordingly.

In some embodiments the control system is operable to
detect a sloping driving surface ahead of the vehicle and to
change one or more powertrain control maps responsive to
detection of a sloping driving surface.
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Optionally the control system may change a throttle con-
trol map and/or a transmission control map. The control sys-
tem may be arranged to change one or more powertrain con-
trol maps according to whether a driving surface ahead of'the
vehicle is upward sloping or downward sloping.

The throttle control map may for example provide data
allowing an engine controller to determine how much fuel
and/or air to deliver to an engine responsive to a given input
from a throttle control such as a driver operated throttle con-
trol or a cruise control throttle input. The transmission control
map may provide data allowing a transmission to determine
when to up-shift or down-shift responsive to the value of one
or more parameters such as a speed of a portion of a power-
train, an amount of driver demanded torque or one or more
other parameters in addition or instead.

The control system may in addition or instead be operable
to change a mode of operation of the transmission, for
example selecting a low gear ratio mode, a high gear ratio
mode or any other suitable mode, responsive to detection of a
sloping driving surface. In some embodiments the control
system may cause a limit to be placed on the highest (and/or
lowest) gear the transmission may assume.

In some embodiments, the control system may be arranged
to receive stereoscopic images of the driving surface over
which the vehicle may drive. The control system may be
arranged to determine the type of the driving surface respon-
sive to an analysis of stereoscopic pairs of images in addition
or instead of one or more images obtained along a single line
of'sight. It is to be understood that stereoscopic images allow
depth information to be obtained and may allow a driving
surface comprising rocks to be recognised and distinguished
from a different driving surface.

In some embodiments the control system may be operable
to control a ride height of a vehicle responsive to recognition
of one or more features of a driving surface ahead of the
vehicle. For example the control system may set a prescribed
ride height responsive to recognition that a surface ahead of
the vehicle is sloped.

The control system may be operable to set a prescribed ride
height responsive to a determination of the type of driving
surface ahead of the vehicle.

The control system may be operable to set a prescribed ride
height responsive to a determination of a shape of the driving
surface ahead of the vehicle.

In an embodiment functionality of the vehicle control sys-
tem is implemented in software that is run on one or more
computing devices of the vehicle. The computing devices
may be configured to perform one or more vehicle functions
in addition to the functionality of the vehicle control system
claimed.

The system may be provided in combination with the at
least one vehicle subsystem.

The vehicle control system may be included in a motor
vehicle.

According to another aspect of the invention for which
protection is sought there is provided a method of controlling
a plurality of vehicle subsystems within a motor vehicle in a
manner suitable for a respective driving surface comprising
the steps of: receiving an output of an image capture device,
the capture device being arranged to capture an image of the
driving surface over which the vehicle may drive; determin-
ing the type of the driving surface responsive to a content of
one or more images captured by the device; and providing an
output corresponding to an appropriate driving mode of the
vehicle for the type of driving surface determined.

According to one aspect of the invention for which protec-
tion is sought there is provided a method of controlling at least
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one vehicle subsystem to operate in a selected one of a plu-
rality of subsystem configuration modes by means of com-
puting means of a control system, the control system being
operable to assume one of a plurality of respective driving
modes in each of which it is arranged automatically to select
aprescribed subsystem configuration mode of the at least one
vehicle subsystem,

the method comprising receiving by means of computing

means an output of an imaging device arranged to output
animage of a driving surface over which the vehicle may
drive; and

determining by means of the computing means the driving

mode of the control system that is appropriate to the
driving surface in dependence on a content of one or
more images output by the imaging device.

According to a further aspect of the invention for which
protection is sought there is provided a computer program
product comprising a medium on which or in which is stored
computer program code which, when executed in a computer
system, will perform a method according to the preceding
aspect.

According to a still further aspect of the invention for
which protection is sought there is provided a vehicle control
system operable to control at least one vehicle subsystem to
operate in a selected one of a plurality of subsystem configu-
ration modes, the control system being operable in a plurality
of driving modes in each of which it is arranged to select the
subsystem configuration mode of the at least one vehicle
subsystem in a manner suitable for a respective type of driv-
ing surface, the control system being operable to receive an
output of an image capture device arranged to capture an
image of the driving surface over which the vehicle may
drive, the control system being operable to determine the type
of the driving surface responsive to a content of one or more
images captured by the device, the system being arranged to
provide an output corresponding to the appropriate driving
mode.

Within the scope of this application the various aspects,
embodiments, examples, features and alternatives set out in
the preceding paragraphs, in the claims and/or in the follow-
ing description and drawings may be taken independently or
in any combination. For example, features described in con-
nection with one embodiment are applicable to all embodi-
ments, unless there is incompatibility of features.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by
way of example only, with reference to the accompanying
figures in which:

FIG. 1 is a schematic illustration of a vehicle control unit
(VCU) and vehicle subsystems under the control of the VCU
according to an embodiment of the invention; and

FIG. 2 is a schematic illustration of a driver-operated con-
trol console of a vehicle according to an embodiment of the
invention.

FIG. 3 is a schematic illustration of a user interface 200
operable to provide an indication to a driver of an appropriate
driving mode.

FIGS. 4a and 45 show a flow chart 300 illustrating a control
sequence according to an embodiment of the invention.

FIG. 5 shows a flow chart illustrating a control sequence for
capturing an image in an embodiment of the invention.

FIG. 6 shows a storage medium 500 on which computer
program code is stored for implementing a method in an
embodiment of the present invention.
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8
DETAILED DESCRIPTION

FIG. 1 shows a vehicle control system 100 of a motor
vehicle. The control system has a vehicle control unit (VCU)
110 arranged to control each of five vehicle subsystems 120,
130, 140, 150, 160. Each of the subsystems 120, 130, 140,
150, 160 is operable in a plurality of respective configuration
modes.

The VCU 110 is arranged to control the subsystems 120,
130, 140, 150, 160 to operate in a prescribed configuration
mode of each subsystem.

In the embodiment of FIG. 1 the subsystems are an engine
management system 120, a transmission system 130, a steer-
ing system 140, a brakes system 150 and a suspension system
160. It is to be understood that in alternative embodiments the
VCU 110 may be arranged to control a larger or smaller
number of subsystems. In some alternative embodiments the
VCU 110 may be operable to control one or more different
subsystems to those shown in FIG. 1.

The VCU 110 is operable in a plurality of respective driv-
ing modes in each of which it is arranged to select a subsystem
configuration mode of each subsystem 120, 130, 140, 150,
160 that is suitable for that driving mode. Each driving mode
corresponds to a particular type of driving surface on which
the vehicle may be driven.

FIG. 2 shows a portion of a control console 105 of the
vehicle by means of which the driver may select a desired
driving mode. Driving modes corresponding to the type of
driving surface are selected by means of rotary selector dial
105A. The driving modes are: standard mode; grass/gravel/
snow (GGS) mode; mud/ruts (MR) mode; sand mode and
rocks mode. The selector 105A may also be set to an auto-
matic mode in which the VCU 110 is arranged automatically
to select an appropriate driving mode as discussed below.

The console 105 also includes a selector 105B that is
arranged to configure the vehicle subsystems 120, 130, 140,
150, 160 to operate in one of three prescribed driving style
modes: a normal mode, a towing mode and a sport mode.

Itis to be understood that in some embodiments a different
number of driving modes corresponding to the type of driving
surface and/or driving style may be provided and be select-
able by the driver.

The VCU 110 includes a subsystems control module 111
which provides control signals via control lines 113 to each of
the vehicle subsystems 120, 130, 140, 150, 160. In some
embodiments the VCU 110 is arranged to communicate with
the subsystems by means of a network such as a CAN bus or
the like.

The subsystems 120, 130, 140, 150, 160 may also commu-
nicate with the subsystems control module 111 via the control
lines 113 to feed back information on subsystem status to the
VCU 110.

The VCU 110 is coupled to an image capture device 115
arranged repeatedly to capture an image of a driving surface
(or terrain) ahead of the vehicle (FIG. 4a, block 302) and to
provide the image to the VCU 110 by means of signal line 116
(FIG. 4a, block 304). It is to be understood that any suitable
imaging device may be employed in order to obtain data in
respect of a driving surface over which the vehicle may drive.
The image capture device 115 may be any suitable device
arranged to output an image of a scene viewed by the device
115.

The VCU 110 may also receive one or more signals from
one or more other sensors or the like.

TheVCU 110 is arranged to process a content of the images
captured by the image capture device 115 in order to deter-
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mine the type of driving surface that is present in the image
and on which the vehicle may be driving or be about to drive
on.

Once the type of driving surface has been determined, the
VCU 110 is operable by means of a switch 105C (placarded
‘Advisory’ in the embodiment shown) to provide an advisory
output to the driver indicating the type of driving surface that
the VCU 110 has determined to be most appropriate for the
driving surface. If the driver does not wish to receive this
advisory output he may deselect the output by means of
switch 105C.

In some embodiments the advisory output is provided to
the driver in the form a graphic or text displayed on a display
panel 204 (FIG. 3). In some alternative embodiments the
advisory output is provided in the form of an audible signal,
for example from a speaker 202 (FIG. 3), in addition or
instead.

In some embodiments the switch 105C is not provided and
the VCU 110 is arranged not to provide the driver with an
output of the type of driving surface that the VCU 110 has
identified. In some alternative embodiments the VCU 110
may provide such an output.

If selector 105A is set to select Automatic mode, the VCU
110 is arranged automatically to select the driving mode
appropriate to the type of driving surface that it has identified.
Thus the VCU 110 controls the subsystems 120, 130, 140,
150, 160 to operate according to the configuration corre-
sponding to that driving mode.

This feature has the advantage that a workload on a driver
may be reduced since the VCU 110 makes the decision in
respect of the most appropriate driving mode to select, reliev-
ing the driver of this responsibility.

As noted above, the image capture device 115 is arranged
to capture an image of the driving surface and to provide the
image to the VCU 110. In the present embodiment the image
is a colour image although in some embodiments the image
may be a black and white image. In embodiments providing a
colour image the VCU 110 may be arranged to determine a
colour of the driving surface and to take the colour into
account in determining the type of the driving surface (FIG.
4a, block 312). In the present embodiment the VCU 110
determines a material composition of the driving surface, i.e.
whether the driving surface is composed of tarmac, grass,
gravel, snow or rock by analysing texture and colour of an
image (FIG. 4a, block 316).

For example, if the driving surface ahead of the vehicle
appears to be a colour corresponding to a grassy surface (as
opposed to a normal road surface such as an asphalt road
surface) such as a green surface the VCU 110 may be
arranged to determine that the driving surface may be grass
and select the grass/gravel/snow (GGS) driving mode.

In some embodiments the VCU 110 is operable to cross-
check the determination that the surface may be grass by
means of a location-determining apparatus such as a satellite-
based global positioning system (GPS) apparatus or the like
(FIG. 4a, block 318 and FIG. 45, block 320).

Ifthe VCU 110 subsequently detects a black surface ahead
of'the vehicle the VCU 110 may be arranged to determine that
the surface ahead of the vehicle may be asphalt, rock or the
like.

It is to be understood that in the case of a greyscale image
of'the driving surface (as opposed to a colour image) the VCU
110 may be arranged to take into account a greyscale level of
the driving surface rather than a colour of the driving surface.

As noted above, in order to further distinguish between
different surfaces the VCU 110 is arranged to determine a
texture of the driving surface. It is to be understood that a
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texture analysis of an image may provide useful information
for example in distinguishing between a rough, rocky surface
and a relatively smooth asphalt surface.

In some embodiments the VCU 110 is arranged to imple-
ment a Gabor transform functionality in order to characterise
a texture of the driving surface (FIG. 4a, block 308). Alter-
natively or in addition the VCU 110 may be arranged to
implement a grey level coherence statistical functionality.
According to such a functionality the VCU 110 compares a
colour, grey scale value and/or brightness of one or more
pixels with that of pixels in a vicinity of the one or more
pixels. Such a functionality can enable the VCU 110 to dis-
tinguish between surfaces that are relatively smooth and fea-
tureless with surfaces that are relatively rough. A length scale
over which the colour, grey scale value and/or brightness
varies may also be useful in identifying a driving surface. For
example an asphalt surface may show relatively fine (low
length scale) variations in colour or greyscale corresponding
to fine stones or gravel embedded in an upper surface thereof.
A magnitude of intensity of the variations may also be rela-
tively low.

In contrast, a rocky surface may show variations on a larger
length scale corresponding to a size of a rock or portion
thereof. The magnitude or intensity of the variations may be
larger than those of some asphalt, for example due to the
relative size of a rock compared with a gravel stone.

In the present embodiment the VCU 110 is arranged to
perform an image processing function in which colour fea-
tures of an image are normalised with respect to illumination
(FIG. 4a, block 306). This allows the VCU 110 to accommo-
date variations in lighting levels in an image, This reduces the
risk that the VCU 110 {fails to correctly identify the type of
driving surface depicted in one or more captured images due
for example to the presence of shadows in an image. Embodi-
ments of the present invention are able to process one or more
images in such a manner as to enable the type of surface to be
identified even in the presence of shadows or other variations
in illumination intensity in the images.

Itis to be understood that by image feature is meant data in
respect of pixels comprising a portion of an image. By image
colour feature is meant data in respect of a portion of an image
that is related to colour content of that portion of the image. A
process of feature extraction may comprise for example the
step of applying one or more local neighbourhood operations
to respective portions of an image, or to each pixel of an
image. For example, in some embodiments a feature such as
a colour feature may be defined in terms of an average of one
or more parameters such as intensity of a given colour chan-
nel over a prescribed number of pixels or defined area of an
image, for example an area 50 pixels by 50 pixels or the like.

It is to be understood that the VCU 110 is not reliant on the
detection of prescribed road surface markings such as central
divider lines, edge markings or the like, in order to determine
surface type. In some alternative embodiments recognisable
surface markings may be taken into account when identifying
that the driving surface may be tarmac rather than grass or
gravel.

In some embodiments the VCU 110 is operable to detect a
sloping driving surface ahead of the vehicle and to change one
or more powertrain control maps responsive to detection of a
sloping driving surface. For example the VCU 110 may
change a throttle control map and/or a transmission control
map. The VCU 110 may be arranged to change one or more
powertrain control maps according to whether a driving sur-
face ahead of the vehicle is upward sloping or downward
sloping.
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The throttle control map may for example provide data
allowing an engine controller to determine how much fuel
and/or air to deliver to an engine responsive to a given input
from a throttle control such as a driver operated throttle con-
trol or a cruise control throttle input. The transmission control
map may provide data allowing a transmission to determine
when to up-shift or down-shift responsive to the value of one
or more parameters such as a speed of a portion of a power-
train, an amount of driver demanded torque or one or more
other parameters in addition or instead.

The VCU 110 may in addition or instead be operable to
change a mode of operation of the transmission, for example
selecting a low gear ratio mode, a high gear ratio mode or any
other suitable mode, responsive to detection of a sloping
driving surface. In some embodiments the VCU 110 may
cause a limit to be placed on the highest (and/or lowest) gear
the transmission may assume.

It is to be understood that a variation in colour and/or
texture within a given image and between images of similar or
different driving surfaces may be relatively complex and
therefore machine learning algorithms may be useful in
implementing some embodiments of the invention.

The VCU 110 may be arranged to distinguish between
different types of surface according to a methodology devel-
oped by a machine learning process in which a computing
device external to the vehicle ‘learns’ to distinguish between
types of driving surface. The computing device may be pro-
vided with a plurality of images of driving surfaces of known
type, and an indication of the type of the driving surface as
discussed in more detail below. Data generated by the com-
puting device in order to enable it to distinguish between the
surfaces may then be provided to the VCU 110 in order to
facilitate subsequent driving surface identification in real
time whilst the vehicle in which the VCU 110 is installed is
being driven.

It is to be understood that a classifier such as a support
vector machine and/or neural network arrangement may be
useful in implementing some embodiments in which a
machine learning process is implemented. The classifier may
be implemented offline and not in the vehicle in order to
generate a dataset for installing in or importing into the VCU
110. Alternatively or in addition the VCU 110 may be pro-
vided with classifier functionality including means for
informing the VCU 110 whether or not it has correctly iden-
tified a type of a driving surface viewed by the image capture
device 115.

It is to be understood that a computing device implement-
ing a classifier may be trained to identify correctly a type of a
given driving surface by providing the computing device with
datain respect of a plurality of driving surfaces and an identity
of each driving surface. The computing device is arranged to
‘learn’ to distinguish between the driving surfaces. When the
computing device is subsequently provided with data in
respect of a driving surface it has not been provided with
before, the computing device is arranged to correctly identify
the type of surface based on the examples it has previously
been provided with.

Alternatively, the classifier may be a set of rules deter-
mined offline in a heuristic manner. In a further alternative the
rules may be determined according to a statistical model
using well known detection theory. Other configurations are
also useful.

The VCU 110 may be arranged to be provided withan RGB
video signal by the image capture device 115. In some
embodiments the VCU 110 may be provided with an HSV
signal (Hue, Saturation and Value), HSB signal (Hue, Satu-
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ration and Brightness) or HSL signal (Hue, Saturation and
Lightness). Other signals are also useful.

Itis to be understood that the VCU 110 may be arranged to
correlate image data received from the image capture device
115 with one or more further signals obtained from one or
more sensors of the vehicle responsive to the driving surface
over which the vehicle is currently driving. This may be
performed in order to obtain secondary verification that the
type of driving surface determined responsive to image data
obtained from the image capture device 115 is consistent with
the one or more further signals (FIG. 4b, block 326). However
it is to be understood that at least one advantage of the pres-
ence of the image capture device 115 in some embodiments of
the present invention is that the vehicle may be arranged to
anticipate the type of driving surface over which it is to drive
and to select a corresponding driving mode before the vehicle
begins driving on the driving surface. Accordingly the VCU
110 may not be able to obtain secondary verification of the
type of driving surface that it expects to encounter until it
actually begins driving on that surface. Accordingly the VCU
110 may be configured to assume the driving mode corre-
sponding to the type of surface it expects to be driving on
imminently. Subsequently, when the vehicle begins driving
onthat surface the VCU 110 may be arranged to check that the
one or more signals (and optionally a correlation between the
one or more signals) is/are consistent with the selected driv-
ing mode.

The one or more sensors (not shown) of the vehicle may
include, but are not limited to, sensors which provide con-
tinuous sensor outputs to the VCU 110, including wheel
speed sensors, an ambient temperature sensor, an atmo-
spheric pressure sensor, one or more tyre pressure sensors,
one or more motion sensors to detect yaw, roll and/or pitch of
the vehicle, a vehicle speed sensor, a longitudinal accelera-
tion sensor, an engine torque sensor, a steering angle sensor,
a steering wheel speed sensor, a gradient sensor, a lateral
acceleration sensor (for example a lateral acceleration sensor
of a stability control system (SCS), a brake pedal position
sensor and an acceleration pedal position sensor.

In some embodiments one or more of these sensors may not
be present. In some embodiments a signal that might be
generated by a sensor if the sensor were present may be
generated by other means such as by reference to one or more
other sensors.

For example engine torque and vehicle gradient may be
determined (or estimated) by reference to an output of one or
more other sensors rather than by reference to a sensor that
measures directly torque produced by the engine or a sensor
that measures tilt of the vehicle. Steering wheel speed may be
measured by reference to a rate of change of steering wheel
angle. Steering wheel angle may be measured by a steering
angle sensor.

The VCU 110 may also receive a signal from an electronic
power assisted steering unit (ePAS unit) of the vehicle to
indicate a steering force applied to the steering wheel of the
vehicle by the driver.

The vehicle may also be provided with a plurality of sen-
sors which provide discrete sensor outputs to the VCU 110,
including a cruise control status signal (ON/OFF), a transfer
box status signal (HIGH RANGE/LOW RANGE), a Hill
Descent Control (HDC) status signal (ON/OFF), a trailer
connect status signal (ON/OFF), a signal to indicate that a
stability control system is active (ON/OFF), a windscreen
wiper signal (ON/OFF), an air suspension status signal (HI/
LO), and a signal to indicate that a Dynamic Stability Control
(DSC) system is active (ON/OFF).



US 9,415,779 B2

13

In some embodiments the image capture device 115 is
directed to capture an image looking in a forward direction of
the vehicle. In some embodiments a further image capture
device 115R is provided, the further image capture device
115R being arranged to capture an image looking in a reverse
direction of the vehicle. The further image capture device
115R may also be referred to as a reversing image capture
device 115R. In some embodiments a plurality of image
capture devices may be arranged to capture respective images
of terrain over which the vehicle will pass whereby stereo-
scopic image pairs may be obtained. The VCU 110 may be
operable to process data from the plurality of image capture
devices in order to determine the type of the driving surface.
A plurality of image capture devices may be arranged looking
in a forward direction and/or reverse direction with respect to
a normal forward direction of travel of the vehicle. In some
embodiments an optical arrangement may be provided
whereby a single camera is able to obtain stereoscopic image
pairs, for example by an arrangement of reflective elements
allowing two different respective lines of sight of terrain to be
provided to a single image capture device.

In the event the vehicle undertakes a reversing manoeuvre
or operation the VCU 110 may be arranged to select a driving
mode appropriate to a reversing manoeuvre responsive to the
content of one or more images captured by the reversing
image capture device 115R.

In some embodiments the VCU 110 may be operable to
activate a window wash and/or wipe feature in order to clean
a window through which an image capture device 115, 115R
is looking. Thus, in the event that an image captured by the
image capture device 115, 115R indicates that the window
requires cleaning, the VCU 110 may activate the wash and/or
wipe feature (FIG. 5, block 3025).

In some embodiments the VCU 110 may be operable to
switch on a light source such as a headlight, reversing light or
other light source in the event that a light level is insufficient
for the image capture device 115, 115R to obtain a suitable
image due to a low level of ambient illumination (FIG. 5,
blocks 302a, 302¢).

In some embodiments the image capture device 115, 115R
is arranged to detect visible light. In some embodiments the
device 115, 115R may be arranged to detect a different type of
light such as infra-red and/or ultraviolet light in addition to or
instead of visible light (FIG. 5, block 3024).

Embodiments of the present invention provide a vehicle
control unit 110 and a vehicle control system 100 operable to
control one or more vehicle subsystems 120, 130, 140, 150,
160 to be configured in a manner most appropriate to a driving
surface over which the vehicle may drive or is driving respon-
sive to a content of an image captured by an image capture
device. It is to be understood that embodiments of the inven-
tion have the advantage that an amount of work required to be
performed by a driver may be reduced. Thus a driver who is
concentrating on negotiating difficult terrain may concentrate
on choosing an appropriate path for the vehicle over the
terrain whilst the vehicle anticipates the type of driving sur-
face over which it will drive and configures the vehicle sub-
systems 120, 130, 140, 150, 160 accordingly.

In some embodiments the VCU 110 is arranged to predict
a path of the vehicle responsive to one or more driver input
signals such as an input corresponding to an angular position
of'a steering wheel of the vehicle and/or a signal correspond-
ing to a speed of each road wheel. The VCU 110 may be
configured to determine the type of driving surface over
which the vehicle is likely to drive and to configure the one or
more vehicle subsystems 120, 130, 140, 150, 160 accord-

ingly.
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This feature has the advantage that if the vehicle is driving
on a dry, smooth, hard road through a sandy desert such that
images provided to the VCU 110 include sand, the VCU 110
is less likely to set the one or more vehicle subsystems 120,
130, 140, 150, 160 to a mode corresponding to driving on a
sandy surface rather than a mode corresponding to the dry,
hard surface over which the vehicle is in fact driving. Thus the
VCU 110 may be arranged to recognise that if the vehicle 100
is driving on a road and a path of the vehicle or orientation of
the vehicle with respect to the road is consistent with an
intention to remain on the road, the VCU 110 may remain in
amode appropriate to driving on the road. However if the path
or orientation of the vehicle is consistent with an intention to
drive off-road, the VCU 110 may be arranged to select a
driving mode consistent with the off-road driving surface in
view.

Similarly, if the vehicle is driving on a dry, smooth, hard
road through a rocky territory the VCU 110 is less likely to set
the one or more vehicle subsystems 120, 130,140,150, 160 to
a rock crawl or like mode that would be inappropriate for the
road surface.

In some arrangements the VCU 110 is arranged to predict
the type of surface over which each wheel of the vehicle is
likely to drive and to configure the one or more vehicle sub-
systems 120, 130, 140, 150, 160 for each wheel (or wheels on
respective different sides of the vehicle) independently of one
another.

Throughout the description and claims of this specifica-
tion, the words “comprise” and “contain” and variations of
the words, for example “comprising” and “comprises”,
means “including but not limited to0”, and is not intended to
(and does not) exclude other moieties, additives, components,
integers or steps.

Throughout the description and claims of this specifica-
tion, the singular encompasses the plural unless the context
otherwise requires. In particular, where the indefinite article
is used, the specification is to be understood as contemplating
plurality as well as singularity, unless the context requires
otherwise.

Features, integers, characteristics, compounds, chemical
moieties or groups described in conjunction with a particular
aspect, embodiment or example of the invention are to be
understood to be applicable to any other aspect, embodiment
or example described herein unless incompatible therewith.

This application claims priority from UK patent applica-
tion no. 1111993.0, filed 13 Jul. 2011, the contents of which
are expressly incorporated by reference herein.

The invention claimed is:
1. A control system for a vehicle, the control system com-
prising:
an imaging device; and
a vehicle control unit (VCU) coupled to the imaging
device, wherein the VCU is configured to:
receive an image from the imaging device of a driving
surface over which the vehicle is driving or may sub-
sequently drive;
identify a driving surface type in dependence on a com-
position of the driving surface determined by refer-
ence to a texture and a color of the driving surface as
determined according to an output of the imaging
device;
select an appropriate one of a plurality of driving modes
based on the identified driving surface type; and
control operation of one or more of the following vehicle
subsystems in dependence on the selected driving
mode: a suspension subsystem, a steering subsystem,
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a brake subsystem, an engine management sub-
system, and a transmission subsystem.

2. A system as claimed in claim 1, wherein the VCU is
configured to automatically select the appropriate driving
mode for the driving surface type in dependence on content of
one or more images.

3. A system as claimed in claim 2, wherein the image is an
image of a driving surface over which the vehicle may sub-
sequently drive, and the VCU is configured to select a driving
mode appropriate to the driving surface type before the
vehicle begins driving on the driving surface,

wherein the VCU is configured to verify the driving surface

type when the vehicle subsequently begins driving on
the driving surface.

4. A system as claimed in claim 1, wherein the VCU is
configured to provide an indication to a driver of the appro-
priate driving mode for the driving surface type in depen-
dence on content of one or more images.

5. A system as claimed in claim 4 wherein the indication of
the appropriate driving mode is provided by one selected
from amongst a visual indication and an audible indication.

6. A system as claimed in claim 1, wherein the VCU is
configured to verify the driving surface type by checking that
one or more signals from one or more additional sensors are
consistent with the driving surface type.

7. A system as claimed in claim 1, wherein the VCU is
configured to determine the driving surface type in depen-
dence on color features normalised with respect to illumina-
tion.

8. A system as claimed in claim 1, wherein the VCU is
configured to determine the driving surface type in depen-
dence on the output of the imaging device in combination
with an output of location determining apparatus, the location
determining apparatus being operable to provide an output in
dependence on a geographical location of the vehicle.

9. A system as claimed in claim 8 in combination with
location determining apparatus, wherein the location deter-
mining apparatus is operable to provide an output indicative
of'a type of driving surface on which the vehicle is operating.

10. A system as claimed in claim 9, wherein the VCU is
configured to compare the driving surface type in dependence
on the output of the imaging device with a driving surface
type determined by reference to the location determining
apparatus, in the event of a discrepancy the VCU is configured
to determine which of the driving surface types is the correct
type by reference to data indicating a likely correct type of
driving surface for a given combination of a type determined
in dependence on the output of the imaging device and a type
determined by reference to the location determining appara-
tus.

11. A system as claimed in claim 1, wherein the VCU is
configured to automatically switch on an illumination source
of the vehicle in the event a level of ambient illumination is
insufficient for the imaging device to capture a suitable
image.

12. A system as claimed in claim 11, wherein the VCU is
configured to automatically switch on one or more headlamps
of the vehicle.

13. A system as claimed in claim 1, wherein the VCU is
configured to trigger a window wash and/or wipe feature in
order to clean a window through which the imaging device
views the driving surface.

14. A system as claimed in claim 13, wherein the VCU is
configured to automatically switch on a wiper of the vehicle
thereby to clean the window.
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15. A system as claimed in claim 1 wherein the imaging
deviceis arranged to detect at least one selected from amongst
visible light, infra-red light and ultraviolet light.

16. A system as claimed in claim 1, wherein the VCU is
configured to determine whether the vehicle is towing an
object and to determine the appropriate driving mode in
dependence on the determination whether the vehicle is tow-
ing and the driving surface type.

17. A system as claimed in claim 16, wherein the VCU is
configured to determine whether the vehicle is towing by
reference to content of one or more images output by the
imaging device.

18. A system as claimed in claim 16, wherein the VCU is
configured to determine whether the vehicle is towing by
reference to whether the object under tow is electrically con-
nected to the vehicle.

19. A system as claimed in claim 1 wherein the driving
modes include an off-road mode in which the subsystem
configurations are controlled in a manner suitable for driving
onrough terrain and an on-road mode in which the subsystem
configurations are controlled in a manner suitable for driving
on-road.

20. A system as claimed in claim 1 wherein the driving
modes include at least one low friction mode in which the
subsystem configurations are controlled in a manner suitable
for driving on low friction surfaces and a high friction mode
in which the subsystem configurations are controlled in a
manner suitable for driving on high friction surfaces.

21. A system as claimed in claim 20 wherein the low
friction mode is arranged to be suitable for driving on grass,
gravel and snow.

22. A system as claimed in claim 1 wherein the driving
modes are selectable by a driver of the vehicle.

23. A system as claimed in claim 22 wherein the driving
modes may be selected by means of a terrain selection input
arranged to influence the configuration mode selected on the
basis of the terrain selected.

24. A system as claimed in claim 22 wherein the driving
modes may be selected by means of a mode of use input
arranged to influence the configuration mode selected on the
basis of a selected mode of use of the vehicle.

25. A system as claimed in claim 24 wherein the mode of
use input is arranged to allow selection between a plurality of
driving styles.

26. A system as claimed in claim 25 wherein the driving
styles includes a sport style.

27. A system as claimed in claim 1, wherein the VCU is
configured to determine a likely path of the vehicle over the
driving surface in dependence on one or more input signals
and to determine the type of the driving surface over which
the vehicle will likely drive in dependence on the content of
one or more images output by the imaging device.

28. A system as claimed in claim 27, wherein the VCU is
configured to determine a likely path of respective left and
right wheels of the vehicle and to determine the type of the
driving surface over which the respective wheels will drive in
dependence on the content of one or more images output by
the imaging device.

29. A system as claimed in claim 27, wherein the VCU is
configured to determine a likely path of each respective wheel
of'the vehicle and to determine the type of the driving surface
over which the respective wheels will drive in dependence on
the content of one or more images output by the imaging
device.

30. A vehicle having a system as claimed in claim 1.

31. A method of controlling at least one subsystem of a
vehicle, the method comprising:
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receiving, at a vehicle control unit (VCU), an output of an
imaging device arranged to output an image of a driving
surface over which the vehicle is driving or may subse-
quently drive;

determining, via the VCU, a driving surface type in depen-

dence on a composition of the driving surface deter-
mined by reference to a texture and a color of the driving
surface as determined according to the output of the
imaging device;

selecting, via the VCU, a driving mode appropriate to the

driving surface type from a plurality of driving modes;
and

controlling, via the VCU, operation of one or more of the

following vehicle subsystems in dependence on the
selected driving mode: a suspension subsystem, a steer-
ing subsystem, a brake subsystem, an engine manage-
ment subsystem, and a transmission subsystem.

32. A computer program product comprising a non-transi-
tory medium on which or in which is stored computer pro-
gram code which, when executed in a computer system, will
perform the method of claim 31.
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